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Abstract Will the European manufacturing industry survive
in the long term? This question has been discussed for decades.
The issue is particularly controversial for the chemical industry
with its energy-intensive production and unpleasant image in
European cities. We studied future challenges for the European
chemical industry until the year 2030. Based on a Delphi
survey in real-time format, we compiled the perspectives of
38 experts from industry, academia and government
concerning 15 projections. The results were analysed according
to the likelihood of occurrence, the impact and the desirability
of the projections. Based on the 249 qualitative statements
made by the participating experts, we derived four future
scenarios. The scenarios address developments in sustainability
and the dependency of the industry on oil in the future. Our
research contributes to understanding the challenges that the
chemical industry in Europe will face in the future, as well as
which competitive advantages will contribute to its success.
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Introduction
Europe has a rich industrial history, which has supported the
proliferation of manufacturing in various industries. Almost
250 years after the steam engine was improved by James
Watt in Birmingham, thereby driving the Industrial
Revolution, the manufacturing industry is still an essential
part of the European economic system. Nevertheless, the
European manufacturing industry has experienced numerous
challenges over the past 30 years: Globalisation and competition from low-cost countries are certainly major drivers of
change. Additionally, green and environmentally oriented
non-governmental organisations (NGOs), concerned citizens
and attentive consumers, supported by politicians willing to
address voters' concerns about pollution and safety, raise relevant questions with regard to manufacturing practices. In many
countries, the service sector seemed to be more favoured by
government officials. This trend was transferred to regional
economic policies during the previous decades. These developments have led to large investments in the service sector and
a growing share of services in the gross domestic product of
many, especially western and northern, European countries.
However, only Germany seems to have continued to support
its domestic expertise in the automotive, machinery, electronics, consumer goods and chemical industries.
Therefore, it is worthwhile creating scenarios based on
expert views in order to develop future perspectives on the
European industry. In this research paper we will show an
academically sound approach based on the Delphi Method
for creating multi-stakeholder scenarios. We include 38 experts from industry, academia and government concerning
15 projections.
In particular, the chemical industry has been a focal point
for the public, government officials and non-governmental
organisations due to its enormous consumption of energy
and resources in production, its pollution potential and safety
risks. Among the top concerns are the risk of polluting air,
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rivers and soil due to production failures and product spills.
Therefore, citizens and communities in Europe are very
cautious in allowing the chemical industry to invest in new
sites or to enlarge existing sites. Non-governmental organisations closely monitor chemical companies in order to inform the public about any possible harm to the environment
or human health.
However, the chemical industry supports economic growth
in Europe considerably with €539 billion revenue in 2011,
approximately 19.6 % of worldwide chemical sales. In 2011,
the chemical industry employed 1.19 million people across
Europe and accounted for the highest labour costs per employee in the European Union. The main production sites are
located in Belgium, France, Italy, Switzerland, Great Britain
and Spain, whereas Germany is the largest producer in
Europe, accounting for 29 % of European chemical sales.
The world's largest chemical company and the largest chemical site, BASF, is located in Germany. Most customer industries of the chemical industry are also located in Europe, for
example consumer goods, automotive, construction, energy,
health care, food and agriculture. The EU industry recorded
modest growth of 1.4 % in production volume in the year
2011 and 0.9 % during the last 5 years. The European chemical industry consumed 7.3 million tonnes of oil and overall 54
million tonnes of oil including gas and electricity in 2010 [1].
In the previous decade, the basic chemical industry grew
tremendously in Asia, the Middle East and South America.
In addition, production capacities for specialty chemicals are
on the rise in Asia. Many customer industries continue
moving towards Asia in order to satisfy the growing demand
of large populations with larger disposable incomes [2].
Some customer industries are dominant in Asia, for example
the textile and consumer electronics industries, and trigger a
large demand for chemicals in this region. The access to
resources, workforce, feedstock and energy willingly offered
by state-owned energy companies supports investments of
multinational chemical companies in China, Malaysia and
India, to name just a few countries. This might indicate a
shift of production capacities towards this region. At the
same time, petrochemical state-controlled companies are
trying to move down the value stream and have started
producing basic chemicals, intensifying the competition in
these commodity-oriented markets. Governmental institutions support these developments with complementary regulations and trade barriers, such as the necessity to establish
joint ventures with domestic players when entering a market
[3]. These developments might indicate a changing competitive environment in these regions, making it more difficult
for non-domestic players to create a competitive advantage
[4–7].
The chemical industry has always had to manage uncertainties and risks due to the very nature of its business: First,
compared to materials and ingredients provided by nature and
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used by mankind for thousands of years, we have limited
knowledge about the impact of chemical products on humans
and the environment since they have only been used for a few
centuries [8]. Second, handling and treating chemicals in raw
material procurement, production, distribution and (re-)use
require expertise and awareness of risks involved. Therefore,
managing and assessing risks and uncertainties are key topics
for chemical companies and governmental institutions to prevent human beings, public health and the natural environment
from being harmed by toxic emissions and product spills.
Environmental, health and safety precautions are on the agenda of corporate senior management and heeded in daily operations in every chemical plant and supply chain partner. Risk
assessment in the chemical industry is highly regulated in
Europe, as in many other regions and countries of the world,
in order to protect public health [9]. European regulations are
based on national regulations and registration, evaluation and
authorisation of chemicals (REACH). New laws have been
initiated in the European chemical industry for REACH [10].
In addition, the industry is committed to own safety measures
with product stewardship programmes and responsible care
initiatives [11].
The entire chemical industry plans for the long-term future.
The aforementioned risk management initiatives are long-term
obligations. Moreover, investments in production facilities and
plants are capital intensive. Therefore, the return on investment
is rather long term compared to other industries [7].
Furthermore, the industry is exposed to changes in the value
chain over time: Customers and society have become more
aware of sustainability issues, e.g. protecting the natural environment and healthy nutrition; certain resources have become
scarce; industry regulations have become complex; global competition has risen and the market is as volatile as any other
industry. For these reasons, the industry applies sophisticated
planning methods, for example the scenario approach, in order
to anticipate long-term developments and uncertainties, as seen
in the example of Shell [12, 13] and BASF [14, 15]. Vecchiato
[16] shows in his research how the chemical industry addresses
its complex business environment with foresight activities.
Companies utilise scenarios in order to create corporate strategies, which are flexible and robust and consider internal and
external aspects [17]. Here, the foresight work is the basis for
strategy development and implementation, as explained by
Voros [18] and detailed by Rohrbeck and Schwarz [19].
We address the following research question in this paper:
How will the chemical industry in Europe evolve in the future,
and what key risks and uncertainties will be involved? We
proceed by examining previous publications concerning trends
and uncertainties in the European chemical industry in order to
develop a research framework. After explaining how the Delphi
method was applied to collect empirical data from 38 experts
and managers in the chemical industry, we develop four future
scenarios based on the 249 comments made by the participants.
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These scenarios address industry developments in sustainability
and oil dependency, which we identified as main drivers of
change and source of uncertainty for the chemical industry in
Europe. We conclude the article by highlighting limitations to
our research and providing ideas for further research.

Literature review and research framework
In examining previous publications concerning trends and
uncertainties in the European chemical industry and companies' use of scenarios, it becomes apparent that most recent
studies have been published by international consulting companies. Accenture provided trends and an overview of the
European chemical industry's future by evaluating 29 end
markets for chemicals, e.g. healthcare, agriculture, construction, automotive, food and beverages, and industrial equipment [3]. Based on the growth projections per industry by
Eurostat, the analysis shows the sales forecasts in these
markets. The Accenture experts concluded that the total
revenue for the European chemical industry will increase
from €317 billion in 2010 to €477 billion in 2030.
Moreover, this study addresses the shift of manufacturing
to China and other emerging markets. Based on previous
globalisation efforts and changes in value chains, the customer industries of the European chemical market are in a
good shape: Production in Europe is less dependent on
labour costs due to automation and robotics. This trend shall
continue for the next decade. Furthermore, industries in
emerging markets will need knowledge in technologies and
markets in order to develop their chemical industries further
downstream. European chemical companies could support
this need and invest in emerging economies. For China, an
investment of European petrochemical players of €2.7 billion in plants is expected until 2030. The competition with
players from the Middle East, relying on rather cheap raw
material costs, will lead European chemical companies to
focus on specialty chemicals, new products and services
based on efficient supply chains covering high growth regions in Europe. A clear overview of the market is the key to
success and involves creating innovations, advancing knowhow, attracting talent, providing solutions and concentrating
on large domestic customers. The Accenture report concludes that the European chemical industry will still exist
in 2030 and will largely resemble the competitive situation of
today. In order to do so, specific customer needs, in terms of
solutions and supply chain services, need to be served.
Industry success will depend on efficient asset utilisation,
innovative manufacturing technology, effective business
processes and dedicated talent management.
Heinzelbecker [15] published insights about scenarios in the
chemical industry based on a scenario development process of
the European Chemical Industry Council (Cefic). He drew
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attention to structural changes in the chemical industry.
External driving forces are addressed, including globalisation
of customer industries, increasing cost pressures especially on
commodities, strong pressure to increase shareholder value,
new technological challenges and constraints to improve sustainability. Moreover, internal processes of adaptation will
include the creation of transnational chemical companies, focus
on core competencies, increased mergers and acquisitions,
spin-offs and joint ventures as well as advancements in biotechnology and genetic engineering. Heinzelbecker explained a
comprehensive scenario approach applied by various European
chemical organisations to develop two types of scenarios: three
top–down scenarios and two bottom–up scenarios. The top–
down approach covers powerful growth, profitable growth and
missed opportunities as scenarios based on workshops with
industry experts and facilitated by a software package called
Think Tools, now called EIDOS. Based on the feedback on the
published top–down scenarios and with a similar method, three
specific bottom–up scenarios were developed for petrochemicals, plastics chemicals and specialty chemicals. Finally, the
author presents another four scenarios developed by Cefic in
order to explain European authorities the future prospects of the
chemical industry in Europe. The applied methodology consists
mainly of a strong global database of economies and industries
provided by Global Insights and their econometric modelling.
Additional workshops, supported by Think Tools, were used in
order to develop the chemical scenarios. Heinzelbecker concluded that the topic of innovation appears as a key driver in the
various European chemical industry scenarios.
In 2011, the consulting company Deloitte published more
specific scenarios: “Chemical Logistics Visions 2020” which
were supported by Cefic [20]. Based on workshops with
Cefic members and desk research conducted by Deloitte,
key trends, their impacts and possible solutions were identified. Three chemical industry scenarios were developed:
dislocation, transition and resilience, covering the macroeconomic perspective. Based on these scenarios, more specific and logistics-relevant implications and possible solutions were derived. The study additionally emphasises risks
and uncertainties, such as greenhouse gas emission regulations, safety and security topics (e.g. terrorism) or urbanisation, and their impact on chemical logistics.
ATKearney [21] provided its perspective of the long-term
future of the chemical industry in “Chemical Industry Vision
2030: A European Perspective”. The white paper provides trends
and strategic suggestions for European chemical companies
based on the market knowledge of the consulting company.
The study projects chemical value chains to shift eastward, an
increase in state-controlled companies, new and large players
from emerging markets, as well as more volatile and less predictable economic conditions. These developments might lead to
a change in the direction of trade flow. The guiding projections
include the “ruler strategy” as the most likely scenario for
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European chemical players, including the absence of disruptive
events, and the continuity of recent trends. This will lead to an
Asian dominance in chemical markets by 2030 due to customer
industries requiring diverging needs in a multi-polar industry
landscape. Nevertheless, European companies are encouraged
to defend their home markets, to establish markets with growth
potential and innovative products and to develop skills and resources to stay competitive—even in the Asian markets. The
authors conclude by urging companies to prepare for various
scenarios and to develop agility along the value chain.
A KPMG report provided insights into the current and
future states of the European chemical industry [7]. One
projection made in the report is more dramatic than any other
projections made in future-related papers: The study predicts
that by 2015, 26 % of the European steam cracker capacity is
expected to be dispensable, and 14 out of 43 crackers will be
rendered uneconomic due to capacities in emerging markets.
The steam cracker is the first chemical processing plant in the
value chain, which cracks naphtha into other molecules, i.e.
breaking long-chain hydrocarbons into short ones, which will
be used for the next steps in the chemical processing. These
steam crackers are supposed to be the “heart” of basic chemical production, require high investments and are in focus
when evaluating capacity utilisation of a chemical plant.
Nevertheless, this white paper mainly explores the current
state of the chemical industry in Europe. European chemical
companies will continue to be challenged by competitors from
the Middle East and Asia and need to maintain their lead with
regard to innovations and customer collaborations.
In light of these challenges, the future of the chemical
industry in Europe is uncertain: Many trends and uncertainties will have an impact on main players and their business environments. These market forces can be structured
into five clusters, according to Porter [4]. The first force is
based on new market entrants. In the European chemical
industry, these might be Asian-located multinational companies and state-controlled players from China or the Middle
East. Furthermore, new players in specialty chemicals using
non-oil raw materials and production technologies will cause
market turbulence. In general, high entry barriers exist in the
chemical industry due to high investment needs in production technologies and processes as well as high regulation
and documentation requirements [5, 6].
The second market force relates to substitutes for products. As the chemical industry is mainly driven by economies
of scale for basic chemicals and by economies of scope in the
specialty chemicals business, substitutes seem to be rather
unlikely. However, the rise of non-oil raw materials might
lead to new products, which could serve as substitutes for
existing products.
Third, the bargaining power of customers is primarily
product related and niche related. The industry is highly
interrelated, with supplier–buyer relationships changing over
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time, possibly even leading to reverse relationships due to
raw material shortages or production breakdown in a plant.
Swap business is very common for commodities among the
large chemical players in Europe; for instance, products are
directly shipped from a competitor to a customer or from a
plant to the competitor's customer in order to reduce transportation and handling costs.
The fourth force reflects the bargaining power of suppliers.
As the chemical industry relies on oil and naphtha—the first
production step after oil—the raw materials are mainly commodities traded on spot markets. Therefore, the bargaining
power of suppliers is rather limited. Furthermore, pipeline
connections often used between suppliers and buyers reduce
the degrees of freedom for both supply chain partners as the
costs to change supply chain partners are rather high.
Finally, the fifth force addresses rivalry within the chemical industry. Although 12 out of 30 major players are
headquartered in Europe, significant rivalry is not an issue
in European markets [7]. These well-established companies
have specialised competencies and capabilities, creating a
stable market environment. However, the European chemical industry is dependent on access to feedstock from sources
outside of Europe, which could cause the companies to
compete for essential raw materials. Research and development is primarily conducted in Europe and North America,
and is slowly advancing in Asia. Companies specialising in
downstream or customer-oriented specialty markets are less
driven by rivalry. An additional dimension that significantly
influences the rivalry in the chemical industry is the political
and social acceptance of chemical production due to the
hazardous goods and risks involved. Therefore, the chemical
industry in Europe will be highly influenced by the business
environment created by political and societal forces.
In summarising the findings of our literature review, we
focused on the factors shaping the macro-economic and
industry-specific business environment for the chemical industry. We identified 15 key factors that will determine the
future of the European chemical industry, based on the
analyses of previous studies (see Table 1). These 15 factors
establish our research framework in order to analyse in more
detail the future of the chemical industry in Europe.
Each of the five aforementioned studies covers 9 to 13 of
these factors, with ATKearney covering the most comprehensive set of factors. A (growing) volatile business environment is
mentioned by ATKearney [21] only. Shifting R&D eastward
and a global diffusion of market and technology knowledge is
only mentioned by ATKearney [21] and Accenture [3], and
adjusting to customer-specific needs is addressed by KPMG [7]
and Accenture [3]. Maintaining know-how and attracting talent
and increasing regulation and activism, e.g. in risks and safety,
are mentioned by three studies. The other ten factors are
addressed by at least four or even all five studies. Projections
which are addressed by all studies are more pressure to develop
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Table 1 Literature review on factors determining the future of the European chemical industry
Factors influencing future developments

Heinzelbecker [15] KPMG [7] Deloitte and Cefic [20] ATKearney [21] Accenture [3]

Shift of chemical production and demand to Asia
and the Middle East
Increasing cost pressure and (oil) price volatility,
esp. on commodities
Volatile business environment

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

Yes

No

No
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

No

No

No

Yes

Yes

Yes
No

Yes
Yes

No
Yes

Yes
Yes

Yes
Yes

Yes

Yes

Yes

Yes

No

No
Yes
Yes
No
Yes
Yes

Yes
Yes
Yes
Yes
No
Yes

No
Yes
No
No
Yes
Yes

No
No
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
No
Yes

Moving down the value chain
Pressure to innovate products, services, manufacturing
technologies and business processes
Shifting R&D to Asia; global diffusion of market and
technology knowledge
Domestic advantage of European companies continues
New market players from the Middle East and Asia,
state-controlled companies due to access to cheap
raw materials
Consolidation of chemical industry by mergers
and acquisitions and alliances
Increasing demand for customer-specific solutions
Sustainability-orientation
Focus on asset utilisation and core competencies
Maintaining know-how and attracting talent
Regulation and activism, e.g. in risks and safety
Commitment to organic feedstock, substitution
of oil-based products

and sustain competitive advantage in the Asian markets due to
the shift towards Asia and Middle East, pressure on innovation
in products, services, manufacturing technologies and business
processes and engagement in bio feedstock and substitution of
oil-based products.
We can conclude that future-oriented reports and studies
of international consulting companies with chemical divisions suggest remarkably certain future developments: the
three consulting companies provide only one scenario for the
chemical future of Europe. Nevertheless, Heinzelbecker [15]
and Deloitte & Cefic [20], with its logistics focus, provide
different scenarios for analysing the European chemical industry. Although the chemical industry is powerful and the
petrochemical industry is a pioneer for scenario planning,
recent scientific publications about these topics are rather
difficult to find.

Delphi methodology
The research method section explains the use of the Delphi
method for collecting empirical data from 38 experts and
managers in the EU chemical industry and how to create
expert-based scenarios. The Delphi technique is an anonymous, written and multi-round survey procedure, where a
designated expert panel discusses future developments in the
form of projections [22, 23]. This method is suitable for

situations with high uncertainty and where expert knowledge
is the only source of data [24]. During the past decades, the
technique has been used across all disciplines and industries
and for many different purposes, among which forecasting
has taken a dominant role, as indicated by Rowe and Wright
in their introduction to a special issue on the topic [25]. The
technique's major aim is to efficiently structure group communication while overcoming negative psychological constraints, e.g. halo and bandwagon effects, common in traditional face-to-face communication [26]. The Delphi process
may lead to consensus among the expert panel [23], although
some Delphi studies also focus on dissent and more controversial debates [27–31]. In recent years, numerous scholars
have employed the Delphi method to collect a profound
database for scenario development and enrich scenario creation while taking multiple stakeholder perspectives into
account [32]. We followed such a Delphi-based scenario
process, where the Delphi survey was conducted in realtime format in order to streamline the process and reduce
negative effects of conventional paper-based Delphi studies,
such as long processing time or participation effort [33–35].
Development of projections
In order to develop projections, or concise and provoking
statements of the future, for our Delphi survey, we followed a
two-stage process. First, we conducted intensive database
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research and reviewed literature to identify relevant factors
concerning the future of the EU chemical industry and to
extract factors considered to influence it. In addition, we
interviewed six experts from research centres and chemical
companies located in Europe to complement earlier research.
In the second step, we transformed the identified factors into
Delphi projections. Our target was to keep the processing
time to complete the questionnaire as short as possible in
order to reduce potential research fatigue, which could negatively impact data validity. In this context, we followed the
recommendations made by Parentè and Anderson-Parentè
[36] not to exceed 25 projections. A draft including 15 projections was formulated in short, descriptive, provocative
propositions, describing possible future states relevant to
the European chemical industry for the year 2030 [37]. The
projections were presented to two academics and two practitioners in the field, who checked the projections' wording
for potential ambiguity and content validity. Based on their
feedback, we revised the projections accordingly. The final
15 projections including their short titles are summarised in
Table 2.
Most of the identified factors were directly translated into
one specific projection, e.g. the factor “sustainability orientation” was translated into the projection 15 “2030: Sustainability
has become a key corporate value of European chemical companies”. In order to make the Delphi participants aware about
the long-term-perspective, each projection started with the year
“2030”. In order to provoke a clear reaction of the Delphi panel,
some literature-based factors were translated in more specific
statements about the state of the future, e.g. the factor “increasing cost pressure and (oil) price volatility, esp. on commodities”
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was translated into the two projections 6 “2030: The oil dependency of the European chemical industry has decreased significantly” and 9 “2030: Synthetic materials have drastically
reduced the global need for the mining of metals (e.g. gold,
iron, copper)”. Other factors were bundled into one projection
in order to limit the number of statements which needed to be
evaluated by the survey participants. Therefore, projection 7
“2030: All European production activities have been relocated
to outside of the EU” is based on three factors: “shift of
chemical production and demand towards Asia & Middle
East”, “shifting research & development towards Asia; global
diffusion of market & technology knowledge” and “focus on
asset utilisation and core competencies”.
During the Delphi survey, each projection was assessed in
relation to its probability of occurrence (expected probability,
EP) (scale from 0 to 100 %), impact on the chemical industry
(I) (five-point Likert scale) and desirability of occurrence (D)
(five-point Likert scale). Furthermore, all experts were asked
to provide (optional) explanations of their answers. Directly
after providing their initial assessments, experts received a
feedback of the aggregated group opinion and had the opportunity to revise their earlier estimates based on the new information. The survey process was conducted over 8 weeks.
Expert selection and response analysis
Delphi surveys do not strive for representativity in sampling,
but for the highest possible degree of expertise [25, 26].
Thus, the selection of experts for the Delphi panel is crucial
and significantly influences the reliability of research results
[38, 39]. We included experts from the fields of the European

Table 2 Projections of the Delphi survey
Projections

Short title

1. 2030: The uncertainty (i.e. the degree of complexity and dynamics) in the
industry environment has increased.
2. 2030: Rules and regulations within the industry have been tightened.
3. 2030: The value chain of the industry has fundamentally changed.
4. 2030: The overall industry attractiveness has increased.
5. 2030: Radical innovations have led to fundamental changes within the industry.
6. 2030: The oil dependency of the European chemical industry has decreased significantly.
7. 2030: All European production activities have been relocated to outside of the EU.
8. 2030: Public pressure has made image a key value driver for chemical companies in the EU.
9. 2030: Synthetic materials have drastically reduced the global need for the mining of metals
(e.g. gold, iron, copper).
10. 2030: High-performance materials are made completely out of recycled substances.
11. 2030: The European chemical industry suffers from a dramatic shortage of qualified personnel.
12. 2030: Scientific breakthroughs in the chemical industry have eradicated world hunger.
13. 2030: Resource scarcity has led to a shift in the raw material mix used in the chemical industry.
14. 2030: Bio-based products have created a paradigm shift in chemical production.
15. 2030: Sustainability has become a key corporate value of European chemical companies.

Uncertainty
Rules and regulations
Value chain
Industry attractiveness
Radical innovations
Oil dependency
Production shift
Value of image
Synthetic materials use
Recycled materials
Qualified personnel shortage
World hunger
Shift in raw material mix
Bio-based products
Value driver sustainability
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chemical industry, governmental institutions and politicians
as well as media representatives based on their designated
and documented knowledge and expertise, as well as their
capacity, willingness and time to participate [40]. Overall,
371 experts within the 27 EU member states were contacted
by phone and/or email. All invited industry experts were at
senior management level. The sample comprised experts
from the entire value chain of the chemical industry including service providers, suppliers, retailers and other partners.
The Delphi portal was open for 8 weeks, during which
each expert could access the portal as often as he or she
desired in order to follow the discussion process, revise own
estimates or add comments. During the survey process,
multiple reminders to participate were sent. Finally, 38 experts (10.0 % response rate) completed the survey. The
average number of logins was 2.0 times per expert, while
249 comments were provided, equalling an average of 6.7
comments per expert. The expert panel represented seven
EU countries. Figure 1 illustrates the response rate per stakeholder group.
Scenario development based on Delphi results
The Delphi data were used as input for scenario development.
We followed the scenario axes technique, where two uncertainties are plotted along two axes in order to derive four
(extreme) scenarios by combining the different end points of
the axes [41–43]. This process was enriched by the expert
comments and desk research. The axes were based on the
Delphi projections 6 (oil dependency) and 15 (value driver
sustainability). The technique helps to broaden the perspectives
and contrasts the probable projections obtained from the Delphi
data. Each of the four scenarios was given a challenging and
provocative title. Furthermore, all information was integrated

Politics 3%

Related
industry 13%

Media 3%

Academia
27%

Industry 32%

Associations
11%

Consulting
11%

Fig. 1 Representation of stakeholder groups among participants

into a narrative story, which describes a possible and plausible
situation in the future of the European chemical industry.

Results and discussion
We constructed our scenarios in a systematic way following a
multistage process. First, we conducted a quantitative analysis
of the Delphi data including the calculation of mean values for
the probability of occurrence and impact dimension. Further,
we analysed the standard deviations in estimates and checked
whether the Delphi process leads to convergence (decrease in
standard deviation over Delphi rounds), or in achieving consensus among experts. We calculated interquartile ranges (IQR)
of experts' assessments, which can be used as an indicator for
consensus measurement [23, 44, 45]. Consensus was achieved,
if a projection scored an interquartile range of below 20.
Second, we clustered our projections into strategic groups
based on the probability of occurrence and impact. The
clustering allowed for interpretation of degree of strategic
relevance and inclusion in strategic planning processes.
Third, we coded the qualitative data of the Delphi survey.
By doing so, we were able to enrich scenario texts with qualified expert assessments. Table 3 summarises the quantitative
results of the research. The combination of these three steps
including quantitative and qualitative data analysis supports
deriving image of the future of the chemical industry in Europe.
The results of our Delphi survey demonstrate the entire
range of assessment possibilities with the Delphi method.
Some projections result in rather high expected probability
(82–84 %). Projection 2 (rules and regulation) and projection
15 (value driver sustainability) belong to this group of highimpact prospects, indicating a high likelihood that these two
events will occur: they are expected projections. Stricter rules
and regulations (projection 2) received the highest expected
probability within the Delphi survey.
The second group of projections, the high-impact expectations, shows a rather high expected probability (57–72 %).
However, the expert panel did not reach consensus for most
items, as the IQR was between 20 and 35. Projection 1
(uncertainty) is among the projections in this cluster, indicating the lowest IQR of only 10 within the whole sample.
The majority of projections belong to this group: 3 (new
value chain), 5 (radical innovations), 6 (oil dependency),
8 (value of image), 11 (qualified personnel), 13 (shift in
raw material mix) and 14 (bio-based products).
Projections with medium expected probability (42–52 %),
rather high IQR (18–40) and a high impact on the industry in
case of occurrence (3.6–3.9) are summarised as high-impact
eventualities. Projection 4 (industry attractiveness), 9 (synthetic material use) and 10 (recycled materials) are part of
this group. In addition, projection 12 (world hunger) can be
classified as a medium-impact eventuality since it scores a
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Table 3 Delphi survey results for the chemical industry panel
No.

Projections for 2030

EP final

SD change

IQR

I

D

1

72.5 %

−20.0

10

3.8

2.6

2
3
4
5
6
7
8
9
10

The uncertainty (i.e. the degree of complexity and dynamics)
in the industry environment has increased.
Rules and regulations within the industry have been tightened.
The value chain of the industry has fundamentally changed.
The overall industry attractiveness has increased.
Radical innovations have led to fundamental changes within the industry.
The oil dependency of the European chemical industry has decreased significantly.
All European production activities have been relocated to outside of the EU.
Public pressure has made image a key value driver for chemical companies in the EU.
Synthetic materials have drastically reduced the global need for the mining of metals
High performance materials are made completely out of recycled substances.

84.2
58.0
52.5
56.7
59.1
26.7
66.1
41.8
49.9

%
%
%
%
%
%
%
%
%

−8.0
−8.4
−5.2
−9.0
+0.6
−7.1
−9.2
−14.6
−3.1

22
20
30
22.5
40
30
30
17.5
40

4.1
3.7
3.8
3.8
3.9
4.0
3.6
3.6
3.6

3.0
3.1
4.1
4.0
3.7
1.9
3.2
3.6
3.9

11
12
13
14
15

The European chemical industry suffers from a dramatic shortage of qualified personnel.
Scientific breakthroughs in the chemical industry have eradicated world hunger.
Resource scarcity has led to a shift in the raw material mix used in the chemical industry.
Bio-based products have created a paradigm shift in chemical production.
Sustainability has become a key corporate value of EU chemical companies.
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lower expected probability (39 %) and also a lower impact
on the industry (3.4). Finally, projection 7 (shifting European
production to other regions) has the lowest expected probability (27 %) within the Delphi survey, but one of the highest
impacts (4.0), which classifies it as a high-impact surprise.
All projections revealed a decrease in the standard deviation (SD) over Delphi rounds. This indicates a convergence
process, i.e. the agreement among the panel increases.
Interestingly, projection 6 (oil dependency) shows an increasing SD, which indicates an increasing level of disagreement. This result marks it as special and crucial for further
analysis, which took place in the scenario axes exercise.
The expert opinions converged for all Delphi projections.
Our cluster analysis revealed structures and similarities in the
Delphi data. We included the mean values of EP and impact
(I) of each Delphi projection. Previous research has found
that such clustering is particularly supportive in deriving
appropriate actions and strategies [46–48]. Figure 2 presents
the results of our cluster analysis. Diamonds indicate projections with consensus among the panel, while triangles
represent a dissent.
Overall, we were able to identify five meaningful clusters
for probability of occurrence and impact: “high-impact prospects”, “high-impact expectations”, “high-impact eventualities”, “medium-impact eventualities” and “high-impact surprises”. For each cluster, strategic implications for market
players are different. High-impact prospects indicate that companies, as well as governmental institutions, need to be prepared for stricter rules and regulations and sustainability being

a key value driver. These issues are well reflected in the
literature [3, 7, 15, 20, 21]. Most studies and publications
indicate that this future is very likely, implying that every
market player needs to be prepared for these developments.
Being not prepared is a rather risky strategy, which might lead
to losing the “licensee to operate”. The same might be true for
high-impact expectations. However, here players should be
more selective depending on their market positioning. For
example, radical innovations, shift in raw material mix and
bio-based products within the industry will most probably not
affect all market players in the same way [15]. High-impact
eventualities provide a rather less clear guideline for the
market. Their expected probability is too low in order for it
to be necessary to prepare for these situations. Nonetheless,
companies should monitor the market intensively with regard
to overall attractiveness of the industry, also for talent, and the
use of recycled and synthetic materials. With a more general
view on the chemical industry, Vecchiato [16] draws attention
to the very complex business environment with a multitude of
drivers, which are interrelated. Therefore, our findings are in
line with literature [3, 7, 21], but provide more specific insights into the relevance and uncertainty of drivers for future
developments.
The medium-impact eventuality can be perceived as an
outlier in our sample: world hunger was eradicated due to
chemical innovations. Even though it is rather unlikely and its
impact is rather low for the entire industry, this future state
might be interesting for a limited number of players, e.g. providers of chemicals for the agricultural sector. Finally, one
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Fig. 2 Clustered future projections

surprise emerged in our Delphi survey: the projection about the
complete shift of chemical production towards non-European
countries. The arguments provided by the experts show that the
customer industries will remain strong and grow in Europe by
2030. Therefore, the chemical supply market including production is likely to remain in the same region. Moreover, the longterm investments, highly skilled labour, research and development capabilities and infrastructural conditions will support the
chemical industry in Europe. This statement is supported by the
research of Accenture [3] as well.
In essence, the results demonstrate controversial evaluations of the projections. Only four projections: 1 (uncertainty),
3 (new value chain), 9 (synthetic material use) and 15 (value
driver sustainability) resulted in consensus among the Delphi
panel. The desirability of the projections also seems to be
interesting. Projection 12 about eradicating world hunger
through chemical innovations has received the highest value
of 4.4 within the Delphi survey, followed by projection 15
about the value driver sustainability (4.3). At the other end of
the scale are projection 11 (qualified personnel) and 7 (production shift) with 1.7 and 1.9 as desirability values.

Development of Delphi-based scenarios
We find that experts still feel quite uncertain since numerous
probability values of approximately 50 % emerged.
Furthermore, most projections did not show consensus, which
also demonstrates the ambivalence of the expert panel. In
order to further address this uncertainty, more extreme

scenarios were developed using the scenario axes technique
[41–43]. Based on the data of our Delphi survey, we selected
projection 6 (oil dependency) and projection 15 (value driver
sustainability) as input. Projection 6 is the only one which did
not converge during the Delphi process, indicating very diverse discussion and evaluation of the topic. Projection 15
achieved consensus (IQR=17.5) and has the second highest
expected probability of 83 %, which underlines the high
degree of certainty among experts.
We used our two driving forces in order to create four
scenario quadrants by combination of the axes' poles. The
results of the qualitative data analysis were used to conduct
reasonable scenario writing. Figure 3 shows the scenario
axes and scenarios.
The following four scenarios present possible situations
for the European chemical industry in the future based on the
evaluation of the Delphi experts:
In the year 2030, the chemical industry is still highly
dependent on oil and naphtha as essential raw materials for
producing most of its products. Initiatives for promotion of
alternative energy sources were not as expected even though
the European chemical industry invested in research for
alternative raw material use and production technology.
Chemical production knowledge is not limited to mature
markets only, but globally diffused. European companies
are not able to compete with state-owned Middle Eastern
and Asian companies or shelf-oil-based US companies with
access to cheap feedstock. Crude oil consumption can be
satisfied due to additional oil reserves being discovered.
Moreover, cheaper exploration technologies are used by the
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Fig. 3 Scenarios on the future
of the European chemical
industry 2030
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big multinational petrochemical players. The sustainability
trend died down after a brief hype between 2010 and 2015
since energy is still inexpensive. Thus, the world remains
strongly dependent on fossil energy supply although it is
finite and disregards sustainability issues. The motto is that
oil is still the best choice.
Another scenario for the year 2030 suggests a world where
the chemical industry still relies heavily on oil-based raw
materials and at the same time promotes sustainability as a
key value driver for the industry. Together with nongovernmental organisations and European governmental institutions, nationwide campaigns have been initiated to convince
the public that only alternative sources of fuel should be used
for private and public transport and heating. Therefore, Europe
reduced its oil usage significantly. Moreover, it was able to
extract its oil resources in the North Sea and gained access to
Russian feedstock, mainly to serve the chemical industry.
These initiatives where supported by strict European regulations regarding sustainability, leading to technological innovations which increased the efficiency of oil use even further.
Customers select their products based on the sustainability
image of the brand, which includes a “sustainability inside”
label showing the amount of oil, carbon emissions, etc. consumed for producing each product. Therefore, this scenario is
labelled “oil for chemicals”.
The third scenario for the year 2030 is based on low
dependency on oil, but also a low degree of sustainability
orientation in the industry. The volatility of the market and
increase in oil prices, political uncertainty in the OPEC
nations, and global demand for more crude oil, lead to a
joint European research initiative among all competitors to
create non-oil-based chemical processes. Specialist from all
over the world worked together in the largest think tank in
the history of the chemical industry. Governmental and economic pressure paid off and dozens of chemical processes
were reinvented based on biological, recycled, and synthetic
materials. A strict European patent system as well as

incentives for researchers maintained innovation knowledge
within Europe until today. Unfortunately, many of the substitute raw materials are also exhaustible. Therefore, the
European chemical industry can be described as “exhaustible
sources of alternative energy”.
Finally, scenario four presents a world of low oil dependency and strict sustainability orientation within the chemical industry. Due to changing and volatile customer requirements, all European industries were forced to create sustainable value chains, including chemical materials in all forms.
Housing, heating, mobility, nutrition and even electronic
products started to rely heavily on sustainable ingredients.
This development was made possible by innovative companies, which experimented with non-oil-based materials and
manufacturing processes. After initial positive results, the
industry applied the new technologies and used these raw
materials because consumers were willing to pay a premium
for sustainable sources. European regulation supported the
development and used sustainability orientation as a trade
barrier to cheap imports from the Americas and Asia. Europe
has become a “green island” due to its “radical shift towards
sustainability”.

Conclusion
The aim of our research was to examine how the future of the
chemical industry in Europe will evolve and what the key
risks and uncertainties will be. To answer this question in a
systematic and valid way, a Delphi survey with 38 industry
experts, academics and government officials was conducted.
Projections about possible future states of the industry in
2030 were derived from literature, our research framework
and database research and evaluated during a real-time
Delphi survey. A strategic map with prospects, expectations,
eventualities and surprises, which might shape the European
chemical industry in the future, was developed. Thereafter,
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four extreme scenarios based on 249 comments of the Delphi
participants were developed concerning two key issues: sustainability and oil dependency of the industry.
The main insights of our research and scenarios are that
sustainability will play a vital role in the future, not only as an
economic factor, but also for corporate image considerations.
Resource scarcity will dominate the industry in the future even
more than today, and alternative sources of feedstock for
production processes will be essential. The majority of the
experts in our Delphi panel evaluate the scenario “oil for
chemicals” as the most likely one. Nevertheless, the ability
of the industry to reduce its dependency on oil remains uncertain. More stringent rules and regulations will influence the
industry's ability to compete on a global scale. A lack of
qualified personnel poses one of the most serious threats.
Overall, the European chemical industry faces a rather uncertain future in terms of complexity and dynamics, but a total
production shift away from Europe seems to be unlikely.
The number of issues considered in our survey was somewhat limited. Certainly, the future of the European chemical
industry will be influenced by more factors than included in
this study. Future research might examine topics, such as
customer orientation and solution-based business, infrastructure, technologies, or risks. Furthermore, we focused on experts from Europe to discuss the future of the European
chemical industry. Extending the expert panel, e.g. Asia, the
Americas, Middle East and Africa, would also be useful for
managers and governments to evaluate the global perspective.
Future research could also include a focus on “wildcards”:
rather unlikely events which could have significant impact on
the industry, for example steam cracker breakdowns, zero
emission controls and devastating conflicts between the
Eastern and Western countries. Also we found quite a number
of projections to result in dissent on their probability. Future
research might concentrate on dissent (see, e.g. [30, 31]) or
more explorative analyses (see, e.g. [49]) in the field.
With this research, we contribute to a vision of Europe
with a prosperous and strong chemical industry, which is key
element of the economic landscape of Europe. The European
chemical industry will most likely be a part of European as
well as global value chains, as customer industries will have
their manufacturing sites in Europe in 2030. However, the
European chemical industry needs to be aware of and to
adapt to significant trends. Rules and regulations will dominate the “licensee to operate” even more so than they did
during the previous decades. Volatility in the markets will
add further challenges to manage the chemical value chain.
The public, represented by government officials, nongovernmental organisation and governmental institutions,
will not accept risks to public health or the natural environment. Consequently, the sustainability requirement will be
one of the key value drivers in the future. This trend is linked
to the management of scarce resources, such as oil and other
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raw materials. The European chemical industry can prepare
for the future by investing early in sustainable options and
alternatives, focusing on specialty products, continuously
promoting research and development, as well as developing
specialists and supporting education.
All of these aspects require the capability to identify,
project, and manage long-term future developments. Here,
not only business needs to be involved, but also educational
and research institutions, as well as national and European
political systems. Economic and legislative stability and
reliability will provide the fundament for economic success.
On the other hand, the European chemical players will need
to become involved in discussions about new legislation in
order to be prepared for the future and develop strategies to
compete globally. They will need to be engaged in sustainability and talent initiatives in order to shape the future
according to the various stakeholder needs. Although the
future is uncertain, the experts envision a competitive and
prosperous future for the chemical industry in Europe.
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